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SPE procedure
The SPE cartridges were equilibrated with 2x2.5 mL MeOH and 2x2.5 mL ultrapure water by means of reduced pressure in a vacuum manifold. Throughout the whole procedure, a flow rate of less than 1 mL/min was applied to ensure complete retention. To remove contaminations, the cartridges were eluted with three portions (each 1.5 mL) of 0.16 M hydrochloric acid (HCl) in ACN followed by 10 mL of ultrapure water. To change the counter ion of the strong anion exchange sorbent material from chloride to formate, 5x2.5 mL of 0.5 M formic acid were applied to the cartridges, followed by 2x2.5 mL of ultrapure water and 4.0 mL of ammonium hydroxide solution (pH 7-8). To about 80 mL of each melted ice sample, 0.1 mL of ammonium hydroxide solution were added for pH adjustment (pH 7-8). The samples were applied to the cartridges using reservoirs. After the retention step, a washing step was performed by applying 2.5 mL ammonium hydroxide solution to the cartridges, followed by 2.5 mL of ultrapure water and 1 mL of ACN. The cartridges were sucked dry for about 1 min before elution. Elution was performed manually with 1 mL of HCl in ACN using a flow rate of less than 1 mL/min and the eluate was reduced to a volume of about 200 µL by means of a gentle nitrogen stream and heating to 35 °C.
The elution step was repeated three times (4 mL HCl in ACN in total). After the last extraction step, 25 µL of the internal standard solution (succinic acid-d4) were added to the residual eluate before evaporation to complete dryness.
Derivatization
Pentanol with 10 % acetyl chloride was used as derivatization solution for the esterification of the analytes' carboxylic acid groups. The solution was stored at 4 °C and was stable over several months. For derivatization, 100 µL of the derivatization solution were added to the extraction residue. The solution was heated to 70 °C for 30 min in a closed vial, cooled to room temperature and evaporated to dryness under a gentle stream of nitrogen at a temperature of 30 °C. Care was taken to remove the vial from the evaporation unit immediately upon complete solvent evaporation in order to prevent analyte loss. The residue was dissolved in 500 µL of eluent solution (ACN/H 2 O 80/20 v/v) and provided for LC-MS analysis.
Liquid chromatography -mass spectrometry
For the chromatographic separation, an UltiMate 3000 UHPLC system (Dionex, Thermo scientific, Germany) was used. The UHPLC system was composed of degasser, binary gradient pump, temperate auto sampler, and temperate column compartment. The autosampler temperature was set to 20 °C and the analytical column (Hypersil Gold, C18, 50x2.0 mm, 1.9 µm particle size, Thermo Scientific) was tempered to 25 °C during analysis. 
